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[57] ABSTRACT 

Described herein is an ATM cable network having a plurality 
of ATM subscriber interface units or set-top boxes (STBs) in 
individual neighborhood homes. A coax distribution plant 
provides a plurality of communication channels between the 
STBs and the a neighborhood node. A cable headend serves 
the neighborhood node and its associated STBs through a 
fiber-optic trunk providing a plurality of different commu- 
nication channels or frequencies. The headend includes an 
ATM node switch having switch ports associated with each 
of the different communication channels. An access resource 
manager at the headend assigns individual STBs to respec- 
tive communications channels. STBs share both upstream 
and downstream communications channels and switch ports. 
In an extended autoregistration procedure, the ATM node 
switch is configured to assign exclusive ranges of virtual 
channel numbers to the individual STBs tuned to the single 
switch port During ATM cell transfer, an ATM cell origi- 
nating from or destined to a specific STB uses a virtual 
channel number within a range of virtual channel numbers 
assigned to the STB. This allows the headend to determine 
the source of all upstream data cells an allows STBs to 
disregard any cells not intended for them. 

36 Claims, 4 Drawing Sheets 
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ATM EXTENDED AUTOREGBTRATION 
AND VPI/VCI ASSIGNMENT IN A HYBRID 
FIBER-COAX CABLE NETWORK 

TECHNICAL FIELD 

This invention relates to public switched broadband cable 
distribution systems which use ATM (asynchronous transfer 
mode) for information transfer. 

BACKGROUND OF THE INVENTION 

FIG. 1 shows a traditional broadcast CATV (cable 
television) system, generally designated by the reference 
numeral 19. CATV system 10 Includes a headend 12 which 
is responsible for broadcasting analog video to all subscrib- 
ers connected to the system. A headend might support from 
a few hundred homes in a rural area to hundreds of thou- 
sands of homes in a metropolitan area. Headend 12 is 
connected to multiple neighborhood nodes 14 by trunk lines 
16. Traditional trunk lines include microwave links and 
coaxial cables, often associated with repeaters 17. Each 
neighborhood node serves the homes of a limited neighbor- 
hood area. In many traditional systems, however, neighbor- 
hood nodes might each serve several thousand homes. 

From the neighborhood nodes* connections to homes are 
made through coaxial plants 18. A coaxial plant comprises 
multiple active coaxial feeders 19, each tapped by multiple 
passive coaxial drop cables that reach individual subscrib- 
ers. 

CATV system 10 is a one-way delivered system based on 
pass band transmission, s United States, the passband system 
consists of a set of downstream 6 MHz channels between 50 
and 450 MHz. The 5 MHz through 42 MHz spectrum is 
reserved for upstream traffic. Many systems do not utilize 
the upstream frequencies. 

In recent years, fiber-optic cable has been deployed very 
aggressively to replace traditional minks between headends 
and neighborhood nodes. Optoelectronic conversion equip- 
ment is provided at the neighborhood node to make use of 
Che coaxial cable plant extending to the individual homes. 
Fiber cabling increases reliability, reduces noise problems, 
and decreases maintenance costs. This type of distribution 
system is referred to as having a "hybrid fiber/coax" (HFC) 
architecture. 

In conjunction with the conversion to fiber hunks, the 
number of homes supported by each neighborhood node has 
dropped to between 500 and 2000 homes. This is much 
smaller than the number of homes supported as little as 10 
years ago. 

Public HFC networks are being deployed not only by 
CATV companies, but also by telephone companies. Some 
HFC networks deployed by telephone companies and CATV 
operators are switched systems designed to support both 
broadcast video and switched broadband digital communi- 
cation services. Switched systems such as this typically 
support much fewer homes per neighborhood node than 
traditional systems. They also provide additional down- 
stream channels for interactive services. Such additional 
channels are typically In the 450 MHz to 750 MHz range, 
and could extend up to 1 GHz in the future. For example, a 
plant to be installed by Tele-Coromunicarions, Inc.. of 
Denver Colo., will use channels in the 50-750 MHz spec- 
trum. While analog broadcast channels will initially occupy 
the spectrum from 50 MHz to 450 MHz, reallocations will 
probably be made as interactive channels and services 
become available. 
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Newer, switched systems provide two-way communica- 
tions using a back-channel which typically operates in the 
range of 5 MHz to 42 MHz. In addition, switched systems 
are capable of providing independent information services to 

5 individual subscribers. For instance, each home can choose 
its own information stream, such as a selected video or 
motion picture, independent of other homes and independent 
of broadcast schedules. 
Some switched public networks use asynchronous trans- 

10 fer mode (ATM) cell transmission. This technology uses 
data cells with a fixed length of 53 bytes to reduce network 
latency and allow better statistical multiplexing of informa- 
tion on a given medium than available when using larger 
packets of variable length. The fixed length of the cells also 

15 simplifies switching them into and out of data media oper- 
ating at different data rates, and allows scalable network 
performance. 

FIG. 2 shows an ATM cell 21. The cell contains a 5 -byte 
header 22 and a 48-byte information field or payload 24. Far 

M switching or routing purposes, only the header is significant 
At a user network interface (UNI) of an ATM network, the 
first four bits of the first byte of the header contain a generic 
flow control field, designated GFC It is used to control the 
flow of traffic into a network. The next 24 bits (the last half 

23 of byte one, bytes two and three, and the first half of byte 
four) make up the what is referred to as a virtual channel 
number or ID. The virtual channel number is made up two 
subfields: a virtual path identifier VPI and a virtual channel 
identifier VOL The VPI is formed by the first byte of the 

30 virtual channel number. The VCI is formed by the second 
and third bytes. The next three bits, designated FT for 
payload type, indicate the type of information carried by the 
celL The last bit of the header's byte four, CLP, indicates the 
cell loss priority as set by a user. This bit indicates the 

35 eligibility of the cell for discard by the network under 
congested conditions. The last byte of the header. HEC, is 
the header error control field. This is an 8-bit CRC that can 
be used for both error detection and correction. It is calcu- 
lated across the previous four bytes of the header. The HEC 

40 does not provide error checking or correction for the pay- 
load. If such checking or connection is desired, it must be 
performed at a higher network level 

ATM networking depends on the establishment of virtual 
connections. An ATM virtual connection is a series of links 

45 between physical devices in a network. ATM uses virtual 
channels (VCs) and virtual paths (VPs) for routing cells 
through such physical devices. A virtual channel is a con- 
nection between two communicating ATM entities. It may 
consist of a concatenation of several ATM links. All com- 

50 munications between two end points proceed along a one or 
more virtual channels. Each virtual channel preserves cell 
sequence and is guaranteed to provide a specified data rate. 
A virtual path is a group of virtual channels. Virtual paths 
provide a convenient way of bundling traffic all beading in 

55 the same destination. VP-switching equipment (in what is 
referred to as a cross-connect system) only needs to check 
the VPI portion of the cell header to route the cell rather than 
the entire three-byte address. For instance, a single VPI 
might be used to indicate a path between two related offices. 

60 The Vds would be used only within the offices to determine 
destinations within the offices. 

In traveling from one end-point to another, a cell usually 
passes through one or more ATM node switches. A switch 
has a plurality of physical communication ports for com- 

65 munication with other switches or with individual end point 
devices. Each port however, is connected to only a single 
ATM device. When a switch receives a cell, it routes the cell 
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to the appropriate port simply by checking its virtual channel 
number, which has meaning only to the switch itself. By 
looking at the VPI and VCI of a cell the switch can 
determine to which port the cell should be routed. Before 
actually sending the ceil, the switch replaces the virtual 
channel number of the cell with that which will be needed 
at the next switch. 

In order for this switching to occur, a visual connection 
must have already been established through all of the 
involved switches. This occurs using "call set-up** messages. 
To set up a virtual connection, an originating end point 
device exchanges "signaling** messages with a destination 
end point device and with the intervening switches. These 
messages contain detailed information about the connection, 
such as source and destination addresses, traffic parameters, 
and quality of service requirements. All devices along the 
desired path stare this information and associate it with a 
specific virtual connection, specified within each device by 
a particular VPI/VCI combination. Subsequent data com- 
munications can then take place without any further speci- 
fication of the detailed addressing information, with only the 
VPTs and VCIs. 

The description given above is merely an overview. 
Further, more detailed information can be found in Asyn- 
chronous Transfer Mode: Bandwidth for the Future, by Jim 
Lane (Telco Systems, 1992); and in Asynchronous Transfer 
Mode: Solution for Broadband ISDN, 2d ed., by Martin de 
Prycker (Ellis Norwood, 1993). Both of these references are 
incorporated by reference. 

The physical network architecture shown in FIG. 1 cre- 
ates some practical difficulties in implementing an ATM 
protocol. One such difficulty is that a typical ATM architec- 
ture requires a switch port for every physical end point 
device. This can be expensive in a public system in which 
every home in a very large metropolitan area might have an 
end point device. Another potential difficulty arises from the 
fact that upstream and downstream communications in the 
system of FIG. 1 take place over different channels. A typical 
ATM architecture, however, expects mat a node switch will 
be able to conduct both upstream and downstream commu- 
nications with a device over the same switch port These 
difficulties are solved by the architecture and methodical 
steps presented below. 

SUMMARY OF THE INVENTION 

The invention described below provides an architecture 
which allows the ATM protocol to be used in a public hybrid 
fiber7coax network, without requiring a dedicated ATM 
switch port for every home. In the preferred embodiment, an 
access resource manager at the headend assigns each STB to 
a specific combination of upstream and downstream com- 
munications channels. Multiple STBs are potentially 
assigned to the same upstream and downstream ATM switch 
parts. Prior to data transfer, however, an extended autoreg- 
istration procedure assigns an exclusive range of virtual 
channel number to each STB. When setting up virtual 
connections with a particular STB. a virtual channel number 
is chosen within the range assigned to the STB. During data 
transfer, data cells originating from or destined to the 
particular STB can be identified by their virtual channel 
numbers. This allows the same upstream or downstream 
switch port to be used for a plurality of STBs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a traditional broadcast 
CATV system. 



FIG. 2 is a diagram of an ATM cell 
FIG. 3 is a block diagram of an HFC switched broadband 
interactive video entertainment network in accordance with 
a preferred embodiment of the invention. 
5 FIG. 4 is a block diagram of an STB in accordance with 
a preferred embodiment of the invention. 

FIG. 5 is a flow diagram of the general steps performed 
in the preferred embodiment of the invention for transferring 
ATM data cells. 

FIG. 6 is a flow diagram showing preferred autoregistra- 
tion steps in accordance with the invention. 



10 



15 



DETA ILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 



FIG. 3 shows an interactive video entertainment network 
or system 30 having a switched broadband HFC architecture 
in accordance with a preferred embodiment of the invention. 
System 30 uses an ATM protocol as discussed above, in 
2Q which ATM data cells are transferred between end point 
devices over virtual connections identified by virtual chan- 
nel numbers. System 30 includes a cable headend 32. at least 
one and preferably a plurality of neighborhood nodes 34 
(only one is shown), and a coax distribution plant 36. In the 
25 preferred embodiment, bi-directional communication 
between the headend and the neighborhood node is through 
a fiber-optic trunk 38 between headend 32 and neighborhood 
node 34. Neighborhood node 34 includes forward and 
reverse optoelectronic conversion circuits 40 and 42 far 
30 converting between the optical signal carried on fiber-optic 
trunk 38 and the electronic signal carried by coax distribu- 
tion plant 36. The fiber-optic trunk, the neighborhood node 
and the coax plant form an analog transmission medium that 
connects to and serves a plurality of subscriber interface 
33 units or set-top boxes (STBs) 44. The STBs are configured 
as ATM end point devices in individual homes. More 
specifically, the fiber-optic trunk and coax distribution plant 
provide a plurality of upstream and downstream passband 
communications channels between the headend and the 
4Q individual STBs. However, mere is not a dedicated channel 
far each STB. Rather, STB's share upstream and down- 
stream data channels using the apparatus and methods 
described below. 
Each STB has programmable components for communi- 
43 eating with headend 32 using the ATM protocol and higher 
level protocols such as internet protocol (IP). An individual 
STB also has modulators and demodulators as appropriate to 
tune to designated upchannels and downchannels. For 
instance, an STB has one demodulator which is permanently 
so tuned to a control downchannel Another demodulator is 
settable or tunable to a selected data downchannel. A modu- 
lator is settable or tunable to a selected data upchanneL An 
STB might also have a traditional tuner for receiving analog 
broadcast signals from headend 32. 
55 FIG. 4 shows the general configuration of a preferred STB 
44 in accordance with this invention. Preferred STB 44 
comprises first and second RF data receivers and demodu- 
lators 130 and 132. First RF data receiver and demodulator 
130 is permanently tuned to a fixed frequency or passband 
60 communications channel to receive downstream control 
information. Second RF receiver and demodulator 132 has 
a variable tuner so that it can be tuned to any one of a 
plurality of downstream frequencies or passband communi- 
cations channels for downstream data communications from 
65 the headend to the STB. In some cases, the two downstream 
communications channels might be combined, eliminating 
the need for first RF data receiver 130. 
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STB 44 also has an RF modulator and data transmitter Referring again to FIG. 3, headend 32 includes shared 

134. Transmitter 134 has a variable tuner so that it can be components 46 and dedicated components 48. The shared 

tuned to any one of a plurality of upstream frequencies or components are used by all neighborhood nodes and STBs 

communications channels for upstream ATM data commu- served by headend 32. The dedicated components are rep- 

nications from the STB to the headend. 5 licated for each neighborhood node 34. 

STB 44 furthermore has a cornmunications controller 136 Shared components 46 include an ATM distribution net- 
that interacts with the data receivers and data transmitter. In work 50 md onc OT more headend servers 52. The ATM 
the preferred embodiment communications controller 136 is distribution network contains any required ATM switches 
a general purpose programniable caterer microproces- f estabUshmg what ever connections might be required to 
T?™ f%T^>^ °Z ^Ft: 10 support individual CTBs. Hie system includes connections 

TL^^S^ J 3 ^^ w 54 to external networks so that subscribers can access 

through RF modulator and data transmitter 134, and to tune . - A A u * a * a a 

second RF data receiver and demodulator 132 and RF ™<f. P*™^ ^outside vendors and other networks. 

inc<iulator and data transmitter 134 to desired frequencies or *™ dostnbution network 50 also includes connections to 

communications channels. servers 5Z Servers 52 contain libraries of video or other 

STB 44 has further components for perfonning other 15 information streams which can be selected by subscribers 

tasks not directly related to this invention, such as a video for viewing or otherwise accessing on demand, 

driver 138 for displaying graphic Images on an associated Dedicated components 48 include an ATM node switch 56 

TV set While the most common use for an STB such as associated with headend 32. having multiple downstream 

described above is in conjunction with televisions, an STB switch ports 58 and at least a single upstream or 

in accordance with the invention will also enable subscribers 20 bi-directional switch port 6%. The downstream switch ports 

to access interactive online services, including services are individually connected to send cornmunications to the 

which allow a subscriber to select from a large number of STBs through respective individual downstream commu ni- 

movies and to schedule a selected movie to play at any cations channels. In general, there is a downstream switch 

desired time. Other services might include financial services ^ 53 con^spoiiding to each 6 MHz downchannel. The 

or retail services. For instance, a subscriber might be able to 25 upstrcam OT bi-directional switch port 60 is config- 

transfer funds between bank accounts or to order pizza J** £ dvc co^nic^s from the plurality of STBs 

delivery through mteractive services available on the t^,* mc p^ai^ of upstream commutations channels, 

switched broadband network. Furthermore. STBs might be T^^Jt^2 ma ~iT<rm u ^„fi« W H «»»- t rt «nv 

« 11 , . * *i. 1 , „ . , *T As discussed above, each STB is configured to tune to any 

used to allow other devices in the home, such as telephones 1 _r*. a m ,^ TJL^,,..- H - P ^ ot : 

. . ' . _*J_u one of a pliirality of the downstream communications cnan- 

or home computers to connect to the switched network. 30 ackand ^ cf ^ toconnccttoailvoncof a plurality of the 

The plurality of upstream and downstream r^ssband switch for conmumic ^ with the ATM node switch, 

communications channels between the headend and the r . J J ~ „. ^ _ 

STBs are frequency^iivision multiplexed over the fiber- A data transmitter "jd moduktor 62 "coined between 

optic trunk. The channels are preferably 6 MHz portions of ^ downstream switch port and tiie fiberoptic hunk to 

afrcquency spectrum ranging from 5 MHz to 750 MHz. 35 ™ 

The* same channels are converted and duplicated on coax ^»* e ^i** ^' 0 ^^^ A n< ^^ 

distribution plant 36 to provide communications between *™ ^ ou ? * c to mdividual * 

STBs 44 and^ghborho^d node 34. The channels carried ^ogfeed^isr^Wdedte^ 

by fiber trunk 38 and coax distribution plant 36 include A control dunnel Jransmitter or modulator 68 is also 

downchannels and upchannels. Multiple 6 MHz downchan- 40 * dud <* » L^^f 0 ^ coir^nen^ Control channel 

nels are provided infce 50 MHz through 750 MHz spec- ^«^* e sin g e control downc^iid to 

tntm. One of the downchannels is designated as a control * e with a particular network node. The 

downchannel while the reinaining downchannels are data g signals are combined in a combiner 65 and con- 

downchannels. First RF data receiver and demodulator 130 verted to optical format by a modulating laser device 67. 

of the subscriber interface unit described above is tuned to 45 The dedicated components also include faculties for 

the control downchannel The single control downchannel is receiving data on the upstream communications channels, 

shared by all STBs served by the neighborhood node and is Separate receivers and demodulators 66 are provided for 

also used as a default downchannel for initial oommunica- receiving modulated signals from STBs on each of the 

tions between the headend and an STB, upchannels and for converting these signals to digital for- 

The upchannels occupy the 5 MHz to 42 MHz spectrum, 50 mat An optical-to-electronic converter 69 is used to provide 

using a passband scheme similar to that of the downchan- electronic signal to the demodulators from the fiber-optic 

nels. One of the upchannels is designated as a default hunk 38. 

upchanneL to be used by all STBs when they are initially Dedicated components 48 furthermore include an 

connected or turned on. RF modulator and data transmitter upstream controller 72 and an access resource manager 74. 

134 is initially tuned to this upchannel for communications 55 Upstream controller 72 is responsible for multiplexing 

prior to the assignment of communication s channels as upstream data from the multiple logical and physical 

described below. The other upchannels will be referred to upchannels onto single switch port 60 of ATM node switch 

herein as data upchannels. Each upchannel is sub-divided 56 and for managing the MAC protocol used by each 

into logical channels for use by a plurality of STBs by using upchannel. Access resource manager 74 is responsible for 

a medium access (MAC) communications protocol. Because 60 allocating bom upstream and downstream channels to indi- 

the system might be used for real-time applications, the vidual STBs as will be more fully explained below. These 

MAC protocol used for the data upchannels should be a components, along with demodulators 66 and control chan- 

reservation-based protocol such as a time-division multiple ncl transmitter 68, are preferably integrated on a single 

access scheme with reservation, rather than a random access microprocessor-based platform such as a personal computer 
protocol. A random access protocol might be suitable for the 65 (PC) 70. Far instance, the demodulators and the control 
default upchannel or for upchannels which are designated downchannel transmitter might be implemented in a single 

strictly for upstream control data. expansion board of a personal computer. Using this 
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configuration, both the upstream controller and the access 134 to the designated channels for subsequent reception and 

resource manager are implemented as programs running on transmission of ATM data cells. 

the personal computer. Other implementations are of course a subsequent step 102 comprises registering the STB with 

possible and might be dedicated in some situations. For the downstream switch port 58 associated with the assigned 

instance, it may be desirable to incorporate most of the 5 downstream communication channel, in a procedure 

dedicated components in an ATM node switch. referred to as autoregistration. In order to establish an ATM 

The physical architecture of system 30 is different than a connection between two ATM devices, each device must 

traditional ATM architecture. In a traditional system* a single know the ATM address of the other. Autoregistration step 

end-point device such as an STB would communicate 102 provides the means for dynamically exchanging 

through a single port of an adjacent node switch for both 10 addressing information between adjacent ATM entities and 

upstream and downstream data transfer. Furthermore, the provides a method for the ATM entities to agree upon the 

STB would always be connected to the same switch port of ATM addresses in effect In accordance with the invention, 

the adjacent switch. In system 30, however, a single STB an extended autoregistration procedure is implemented in 

uses different switch ports of node switch 56 for upstream which an STB is assigned one specific range of virtual 

and downstream data cells, respectively. Also, system 30 has 15 channel numbers for use in further downstream communis 

provisions for dynamically allocating upstream and down- cations with the headend, and another range of virtual 

stream data channels, so that an STB does not always use the channel numbers for use in subsequent upstream commu- 

same channels or switch ports. Furthermore, in a traditional nications. This allows the node switch 56 to differentiate 

architecture each STB would be connected to its own between the plurality of STBs connected to each of its 

dedicated switch port In the system of FIG. 3, however, 20 switch ports, and also allows a particular STB to identify 

there are many more STBs than available channels or switch downstream messages directed to it 

ports. Therefore, multiple STBs share the same channels and After autoregistration, the STB can communicate with the 

switch ports, each communications channel being desig- headend to obtain or download any required software ele- 

nated for use by more than one of the STBs. ments such as an operating system. The STB makes itself 

To accommodate these network characteristics, a single 25 known on the network by sending a broadcast or multicast 

downstream switch port 58 is used for concurrent down- message using an ATM cell with a well-known VFI/VCI 

stream data transfer to a plural and dynamically changing combination, and with Us ATM address in the cell's payload. 

group of STBs within a particular neighborhood node. Node One or more servers respond by assigning a high-level 

switch 56 is programmed or configured to accept channel network address for the STB and by providing information 

request messages from STBs and to assign each STB to a 30 regarding available servers. The STB replies with additional 

selected pair or combination of downchannels and upchan- information regarding which server or servers it wishes to 

nels. Each STB is dynamically tunable to different combi- connect to. Once connected in this manner, the STB can 

nations of upstream and downstream communications chan- download operating software and other applications needed 

nels for bi-directional data communications with the prior to actual data transfer. 

headend through the ATM node switch. After receiving their 33 prior to actual data transfer, a call setup step 104 is 

channel assignments, groups of STBs tune respectively to performed to establish an ATM virtual connection. This step 

their single assigned data downchannels and corresponding i s performed using an extension to the ATM Q.293 1 

downstream switch ports 58 to receive multiplexed ATM signaling protocol as described below. Following step 104 is 

cells from the headend, and to their assigned logical upchan- ^ a stcp 106 which comprises transferring ATM data cells 

nels to transfer upstream data. between a particular STB and the node switch through the 

As part of the registration procedure, each STB is ports associated with the STBs assigned upchan nels and 

assigned its own range of virtual channel numbers to be used downchannels. Each ATM data cell has a virtual channel 

in all future data cornrnu nications with the node switch. The number which is within the range of virtual channel numbers 

node switch maintains an address table 75 corresponding to 45 assigned to the STB. 

each of its switch ports to keep track of the exclusive ranges These procedures are explained in more detail in the 

assigned to each STB. sections which follow. 

FIG. 5 shows the general steps performed by the various 
components described above to accomplish initialization Channel Request 
and actual data transfer. Note that the following description 50 Before an end-to-end connection can be set up with a 
assigns individual steps to specific hardware and software particular STB, the STB is assigned to an upchannel and a 
elements of the system. However, various distributions of downchannel for communication. To receive an assignment 
responsibility are possible and the invention is not generally the STB first sends a channel request to the access resource 
intended to be limited by the specific allocations of functions manager at the headend. This message is sent via the default 
inherent in the preferred physical ejnbodiment of the inven- 55 logical upchannel. All STBs share the default logical 
tion. upchannel using a random access mechanism such as time- 
When an STB is first connected to system 30, or when it slotted Aloha or another MAC protocol. Upstream controller 
is first turned on, it must connect to a headend server to 72 receives the channel request message and passes it to 
download operating iiiformation such as applications and access resource manager 74. To process the channel request 
other software objects. The first step performed by an 60 the access resource manager queries the current connection 
initializing SIB is a step 100 of sending a channel request status of the various switch ports and associated data down- 
to the headend. As a result of the channel request headend channels (from the ATM node switch) and data upchannels 
32 sends a channel assignment message to the STB indicat- (from the upstream controller), and assesses relative avail- 
ing designated upstream and downstream communications able capacities of the individual switch ports and commu- 
channels for subsequent upstream and downstream data 65 nications channels. The access resource manager then 
communications. The STB receives the channel assignment assigns an individual STB to a specific combination of the 
message and in response tunes receiver 132 and transmitter upstream and downstream communications channels. The 
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assignment is determined based at least in part upon relative 
available capacity of the communications channels and their 
associated switch ports. In one embodiment, the access 
resource manager allocates those data upchann cls an d down- 
channels with the lowest load to the requesting STB for load 
balancing. The assignment is made by sending an allocation 
or assignment message to the STB through the dedicated 
control downcfaannel. In response, the STB tunes to the 
designated combination of upstream and downstream chan- 
nels through their associated switch ports. 

The message format for the channel request message is 
not an AIM standard. Rather, it comprises a single ATM cell 
containing a VPI/VCI combination which is dedicated the 
specific purpose of identifying channel request messages. 
The single cell includes in its payload the "user part" of the 
STB's ATM address. The ATM protocol uses an addressing 
scheme referred to as the Private ATM Address Structure. It 
consists of multiple fields. Two of these fields, the End 
System Identifier (ESI) and the Selector (SEL) fields form 
the "user part" of an ATM address and are supplied in this 
case by the STB. In public systems, the user part for each 
STB is unique. All other fields of the Private ATM Address 
Structure form a "network prefix." The network prefix 
typically has the same value for all STBs connected to the 
stone port of an ATM node switch. In this case, the node 
switch supplies the network prefix to the STB during the 
autoregistration procedure described below. 

Including the user part of the STB's ATM address in the 
chapel request message allows the access resource manager 
to keep track of which channels have been allocated to 
which STBs. Furthermore, formatting the channel request 
message as a single cell avoids cell interleaving problems 
which might otherwise occur because of having many STBs 
sharing the same upchanneL For instance, the cells of a 
multi-cell message from a particular STB might be inter- 
leaved with a similar multi-cell message from a different 
STB. With multiple STBs sharing the same upchannel, it 
would be impossible for the access resource manager to 
distinguish between the cells of the different messages. 
Another way to avoid interleaving problems, if multiple 
cells were necessary for a channel request message, would 
be to include the user part of the requesting STBs ATM 
address in the payload of each of the multiple ATM cells. 
Multiple cells should not be necessary, however, since all 
information required to be transferred in a cell request 
message should easily fit within a single 48-byte AIM 
payload. 

Once a channel allocation is determined, the access 
resource manager sends the assignment message through 
control chapel transmitter 68. The assignment message 
comprises a plurality of ATM cells that specify the allocated 
channels. Each cell of the allocation message uses the same 
dedicated VPI/VCI combination used in the channel request 
message. Each cell includes the user address part of the 
requesting STB in its payload, along with a specification of 
the allocated upchannel and downchannei The various 
STBs connected to receive data on the control downchannei 
are programmed and configured to disregard any allocation 
messages destined for other STBs, as determined by the 
ATM user address part contained in the payload of allocation 
message cells. Alternatively, the access resource manager 
may assign an STB ID as part of the assignment of upchan- 
nels and downchannels, and the STB would then use this ID 
to register. 

Extended Autorcgi strati on 
Once upstream and downstream channels have been 
assigned, each STB registers itself with the ATM switch port 
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corresponding to the assigned data downchannei. An 
autoregistration procedure is available as a known ATM 
protocol as described in the ATM User-Network Interface 
Specification* Ver. 3, -published by Prentice-Hall, 1993, 
5 which is hereby incorporated by reference. The known 
autoregistration protocol is an extension to the Interim Local 
Management Interface (ILMI) described in the same refer- 
ence. 

In the known autoregistration procedure, an AIM switch 

10 sends to the newly-connected STB the network part of the 
STB's ATM address as chosen by the ATM switch. The STB 
combines the network address part of the AIM address (as 
received from the switch) with its user address part and 
sends the entire AIM address back to the switch for regis- 

15 tration. The ATM switch then stores the entire AIM address 
in an address table that maps a switch port number to a 
particular AIM address. This address table is used during 
call setup procedures to establish virtual channels. Since the 
ATM switch expects only one client device to communicate 

2Q on each switch port, it maintains only a single table entry for 
each switch port. 

When using the extended autoregistration procedure of 
the invention, node switch 56 maintains an address table 75 
for each switch port The address table for a particular switch 

25 port has entries for each STB registered with that switch 
port Each entry contains both the AIM address of an STB 
registered with that switch port and a range or ranges of 
virtual channel numbers assigned for exclusive use by that 
STB in conjunction with the switch port When a cell is 

30 received by node switch 56, the node switch can identify 
which connected STB sent the cell by checking the virtual 
channel number of the cell against the values stored in the 
address table. When establishing virtual connections, node 
switch 56 ensures that for connections with a particular STB. 

33 virtual channel numbers are used which are within the range 
of such values assigned to that STB. Individual STBs are 
programmed to accept only those downstream ATM data 
cells having virtual channel numbers within the range of 
virtual channel numbers assigned to them. 

40 FIG. 6 shows the steps of an extended autoregistration 
procedure in accordance with the prefer red embodiment of 
the invention. The extended autoregistration procedure is 
needed because many STBs are connected to a single 
downstream switch port of node switch 56. This is indicated 

45 by block U0, which shows a step of connecting a plurality 
of STBs for ATM data communications with a single switch 
port 58 of AIM node switch 56. 

A step 112 comprises transferring registration request 
messages from the plurality of STBs connected to the single 

50 switch port The individual STBs are programmed or con- 
figured to send these messages as AIM data cells to the AIM 
node switch after the STBs have received their channel 
assignments as described above. Each STB sends its regis- 
tration request message on the upchannel assigned to it 

55 during the channel request procedures. In one embodiment 
of the invention, each registration request message is sent as 
a single ATM cell having a payload which contains the user 
part of the requesting STBs ATM address, indicating which 
STB the message is from. Sending the message as a single 

60 cell avoids interleaving problems which might otherwise 
occur if two different STBs were simultaneously requesting 
registration. In another embodiment, the registration request 
messages are sent as multiple AIM cells. In this case, each 
ATM cell forming the registration request message contains 

65 the sending STBs user address part so that the AIM node 
switch can differentiate between messages from different 
STBs. In addition to STB address information, a registration 
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request message's payload contains the port number of the set-top boxes notifying them of their assigned exclusive 

downstream switch port associated with the downstream ranges of virtual channel numbers. Each acknowledgment 

channel assigned to the STB. It is not necessary to specify message is preferably sent as a single ATM cell which 

an upstream port since all upstream communications enter includes in its payload the receiving STBs user address part 

switch 56 through switch port 60. The cell or cells of a 5 and an indication of the assigned ranges of virtual channel 

registration request message are sent using a standard or numbers. Alternatively, each acknowledgment message 

pre-defined ILMI virtual channel, identified by a well- Tm e h» comprise a plurality of cells, each of which contains 

known virtual channel number having VPI equal to 0 and mc rcceiving syB s uscr B(i <hr.ss part individual STBs are 

VQ equal to 16. programmed or configured to disregard any such down- 

upstream controUer receives to registtaUon request 10 3tre am cells bearing other addresses, 

messages and forwards them to ATM node switch 56 <JWk . . . . . ^ . , 

through switch port 60. Node switch 56 accepts the regis- Step 120 cornpnses rn^taiiii^ ^ 

tration request messages and responds in a step 114 of 75 ATM node switch 56. Updatuig step 120 

sending to the STB the network part of the STBs ATM comprises creating individual entries in the appropriate 

address as chosen by the node switch. This message is sent address table for each of the STBs from which registration 

over the assigned downchannel as indicated by the request 15 request messages have been accepted. Such an entry for an 

message, again using the standard ILMI virtual channel individual STB contains at least the user part of the STBs 

number having VPI equal to 0 and VQ equal to 16. The ATM address and an indication of the exclusive ranges of 

response of step 114 might be a single ATM cell or a virtual channel numbers assigned to the STB. Address tables 

plurality of ATM cells. Regardless, each such cell contains are maintained for each of downstream ports 58 as well as 

as part of its payload the user address part of the STB which 20 for bi-directional port 60, through which all upstream data 

is to receive the message. This allows each of the various cells are received. 
STBs which are tuned to the same downchannel to intercept 

only those ILMI messages intended for it In an optional step Call Setup 

116, the STB combines the network address part with its _ , , . . , 

user part and sends the entire ATM address back to node 25 , Bc ^ orc actual torf ^j£i s necessary to establish a 
switch 56. This step in many cases will not be necessary virtual connection between an STB and a headend server 52. 
because the node switch already has the STBs user address Sucn a connection is initiated by the STB by sending an 
part by virtue of having received a registration request upstream call setup message from the STB using a "signal- 
message, ing" protocol generally in accordance with Q.293 1 as 

Step 116 comprises assigning exclusive ranges of virtual M described in ATM User-Network Interface Specpcation 
channel numbers to the respective STBs to be used in future abovc * The Qf 931 ****** rcsffves ^ ***** 
ATM data cells transferred between said respective STBs channel number, with VFI equal to 0 and VQ equal to 5 , for 
and the ATM node switch through the assigned single sigiialing messages of this type. In the preferred embodi- 
downstream switch port and through Directional port 60. mcnt of mc invention, however, a signaling or call setup 
For instance, the node switch might assign a single and 3 , message is identified by a cell having VH equal to VPI^ and 
unique VPI to a particular STB for use in both upstream and VQ equal to 5, wherein VPl^ is the VPI assigned to the STB 
downstream communications while allowing any VQ to be for upstream data communications. If upper bits of VQ have 
used by the STB in conjunction with the assigned VPI beta assigned a signaling or call setup message is identified 
Alternatively, the node switch might assign one VPL such as b V a VH «* ual to VPI* ^ d v <3 equal to VCV 
VHy, for use in the upstream direction, while assigning a « 1 wherein VQ^ is the base value of VQ assigned to the 
different VPI, such as VPI^ for use in the downstream STB for upstream data communications, 
direction. Since the VPI is eight bits, these options would This approach can be generalized as follows. Whenever a 
allow up to 256 STBs to be connected to each switch port certain type of communication normally utilizes a well- 
In the downstream direction, this number of simultaneously- known or pre-defined VPI/VQ combination, the combina- 
connected STBs might be sufficient In the upstream 45 tion is added to the assigned base value for communications 
direction, however, all STBs communicate through a single under the scheme described herein. For instance, ILMI 
port. The total number of STBs associated with a neighbor- messages normally use a VPWQ of 0/16. In the preferred 
hood node will likely exceed 256. Accordingly, it may be embodiment of the invention, an upstream ILMI communi- 
desirable to also assign a few of the most significant bits of cation would use a VPI/VQ of UVP1+16. An upstream 
VQ for exclusive use by each STB in the upstream 50 signaling message would use UVH+5. 
direction, in combination with the assigned VPL This us Altering the use of VPI and VQ in this manner allows 
equivalent to assigning a single VPI and a range of VQs. devices receiving the signaling messages, such as access 
Each VQ would inherently have a base value with all of its resource manager 74 and node switch 56, to determine 
unassigned, least significant bits equal to binary 0. which of the connected STBs the messages are from. It also 

More generally a single VPWQ base value is assigned 55 prevents cell interleaving problems which could otherwise 

in such a way as to leave an arbitrary number of low order arise if more than one STB were to transmit a signaling 

bits of the VPWQ combination equal to zero. This is messages at the same time. 

equivalent to assigning or fixing a certain number of upper The call setup message requests an ATM virtual connec- 

order bits of the VPI/VQ combination. The number of such tion at a specified bandwidth. Access resource manager 74 

bits can be more or less than the number of VPI bits. Such go receives the call setup message from upstream controller 72 

base values are referred to herein as a DVPIs and UVPIs. and determines whether enough resources exist on the 

depending on whether they are assigned fox downstream or assigned upchannel and downchannel to accommodate the 

upstream communications, respectively. The assigned range requesting STB. If so, the access resource manager forwards 

includes any VPWQ value having upper bits equal to those the signaling messages to the ATM node switch for end-to- 

of the assigned base value. 65 end connection setup. The node switch gives a response in 

Step 118 comprises sending registration acknowledgment accordance with standard signaling protocols, using the 

messages from the ATM node switch to the respective ATM assigned downchannel of the requesting STB and the same 
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virtual channel number used in the call setup message 
received from the SIB. The response will include a specific 
VH/VCI combination, within the range assigned for use by 
the STB, to identify the virtual connection. If there is 
insufficient available data communications bandwidth on the 
assigned channels, the access resource manager itself 
responds to the STB, through the node switch and the 
assigned downchannei In this case, the access resource 
manager dynamically re-assigns the STB to a new combi- 
nation of upstream and downstream communications chan- 
nels and associated switch ports as necessary to provide the 
requested bandwidth between the ATM node switch and the 
SIB. Specifically, the access resource manager sends a new 
channel assignment message indicating the new channels. 
The STB is responsive to channel re-assignment messages 
from the headend to dynamically tune to different upstream 
and downstream communications channels. 

Data Transfer 

Once a virtual connection is established, data transfer 
takes place largely in accordance with standard ATM and 
higher-level protocols. However, sending STBs must con- 
form to the MAC protocol implemented between the STBs 
and the headend. Furthermore, each STB must be pro- 
grammed to accept only those data cells identified by 
numeric indicators within its assigned range. Node switch 
56 simply routes cells according to their specified virtual 
channel numbers. 

Conclusion 

The system described above allows the ATM protocol to 
be used efficiently within the constraints of an HFC fiber- 
coax cable distribution system. It accomplishes this by 
providing extended autoregistration and signaling protocols 
which allow node switch ports to be dynamically allocated 
to STBs as they connect to the system, and to allow multiple 
STBs to share the same switch ports. This reduces cost 
significantly. Furthermore, flexibility and efficiency are 
gained by configuring the system to use different switch 
ports for upstream and downstream data cells. 

In compliance with the statute, the invention has been 
described In language more or less specific as to structural 
and methodical features. It is to be understood, however, that 
the invention is not limited to the specific features described, 
since the means herein disclosed comprise preferred forms 
of putting the invention into effect The invention is. 
therefore, claimed in any of its forms or modifications within 
the proper scope of the appended claims appropriately 
interpreted in accordance with the doctrine of equivalents. 

I claim: 

1. In an ATM interactive video entertainment network 
which transfers ATM data cells over virtual connections 
which are identified by virtual channel numbers contained 
within the ATM data cells, said ATM network having at least 
one ATM node switch, said ATM node switch having at least 
a single switch port for transferring particular ATM data 
cells between the ATM node switch and a plurality of ATM 
subscriber interface units that share a common communica- 
tions channel, a method of registering the plurality of ATM 
subscriber interface units with said single switch port, the 
method comprising the following steps: 

accepting registration request messages from said plural- 
ity of ATM subscriber interface units that are logically 
connected for communications through the single 
switch port of the ATM node switch; 
assigning exclusive ranges of virtual channel numbers to 
respective ATM subscriber interface units to be used in 
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said particular ATM data cells transferred between said 
respective ATM subscriber interface units and the ATM 
node switch through the single switch port; 
transferring the ATM data cells between the plurality of 

5 ATM subscriber interface units and the ATM node 
switch through the single switch port, any particular 
ATM data cell transferred between a particular ATM 
subscriber interface unit and the ATM node switch 
having a virtual channel number which is within a 

10 range of virtual channel numbers assigned to said 
particular ATM subscriber interface unit 

2. A method as recited in claim 1 wherein the assigning 
step comprises assigning a first exclusive range of virtual 
channel numbers to the particular ATM subscriber interface 
unit for downstream communications through a first switch 

15 port and a second exclusive range of virtual channel num- 
bers to the particular ATM subscriber interface unit for 
upstream communications through a second switch port. 

3. A method as recited in claim 1 and further comprising 
sending the registration request messages as particular ATM 

20 data cells which include user parts of ATM addresses 
indicating which of the plurality of ATM subscriber interface 
units individual registration request messages are from. 

4. A method as recited in claim 1, the virtual channel 
numbers comprising ATM virtual path identifiers and virtual 

25 channel identifiers, the method further comprising transfer- 
ring Interim Local Management Interface messages before 
assigning the exclusive ranges of virtual channel numbers, 
the Interim Local Management Interface messages having 
individual ATM data cells with virtual path identifiers equal 

30 to 0 and virtual channel identifiers equal to 16. 

5. A method as recited in claim 1, the virtual channel 
numbers comprising ATM virtual path identifiers and virtual 
channel identifiers, wherein assigning an exclusive range of 
virtual channel numbers comprises assigning a single virtual 

35 path identifier. 

6. A method as recited in claim 1, the virtual channel 
numbers comprising ATM virtual path identifiers and virtual 
channel identifiers, wherein assigning an exclusive range of 
virtual channel numbers comprises assigning a single virtual 

40 path identifier, the method further comprising transferring 
signaling messages whose individual ATM data cells have 
virtual path identifiers equal to the assigned single virtual 
path identifier, and virtual channel identifiers equal to 5. 

7. A method as recited in claim 1, the virtual channel 
45 numbers comprising ATM virtual path identifiers and virtual 

channel identifiers, wherein assigning an exclusive range of 
virtual channel numbers comprises assigning a single virtual 
path identifiers and a range of virtual channel identifiers. 

8. A method as recited in claim 1. each virtual channel 
50 number comprising a virtual path ideno^er/virtual channel 

identifier value, wherein assigning an exclusive range of 
virtual channel numbers comprises assigning a single virtual 
path identifier/virtual channel identifier base value, the 
method further comprising transferring Interim Local Man- 
55 agement Interface messages with individual ATM data cells 
having virtual path identifier/virtual channel identifier val- 
ues equal to the base virtual path identifier/virtual channel 
identifier value plus 16. 

9. A method as recited in claim 1. each virtual channel 
60 number comprising a virtual path identifier/virtual channel 

identifier value, wherein assigning an exclusive range of 
virtual channel numbers comprises assigning a single virtual 
path identifier/virtual channel identifier base value, the 
method further comprising transferring signaling messages 
65 with individual ATM data cells having virtual path identifier/ 
virtual channel identifier values equal to the base virtual path 
identifier/virtual channel identifier value plus 5. 
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10. Id an ATM interactive video entertainment network 
which transfers ATM data cells over virtual connections 
which arc identified by virtual channel numbers contained 
within the ATM data cells, said ATM network having at least 
one ATM node switch, said ATM node switch having at least s 
a single switch port for transferring particular ATM data 
cells between the ATM node switch and a plurality of AIM 
subscriber interface units, a method of registering such a 
plurality of ATM subscriber interface units with said single 
switch port the method comprising the following steps: 10 

accepting registration request messages from said plural- 
ity of ATM subscriber interface units that are logically 
connected for communications through the single 
switch port of the ATM node switch, the individual 
registration request messages including user parts of 15 
ATM addresses indicating which of the plurality of 
ATM subscriber interface units the individual registra- 
tion request messages are from; 

assigning exclusive ranges of virtual channel numbers to 
respective ATM subscriber interface units to be used in 30 
said particular ATM data cells transferred between said 
respective ATM subscriber interface units and the ATM 
node switch through the single switch port; 

maintainin g an address table in the ATM node switch 
corresponding to the switch port; 

creating entries in the address table corresponding to the 
switch port for the respective ATM subscriber interface 
units from which registration request messages have 
been accepted such an entry for an individual ATM ^ 
subscriber interface unit containing at least the user part 
of said individual ATM subscriber interface unit's ATM 
address and an indication of an exclusive range of 
virtual channel numbers assigned to said individual 
ATM subscriber interface unit. 33 

11. A method as recited in claim 10 wherein the assigning 
step comprises assigning a first exclusive range of virtual 
channel numbers to a particular ATM subscriber interface 
unit for downstream communications through a first switch 
port and a second exclusive range of virtual channel num.- ^ 
bers to the particular ATM subscriber interface unit for 
upstream communications through a second switch port. 

12. A method as recited in claim 10 and further compris- 
ing sending registration acknowledgment messages from the 
ATM node switch to the respective ATM subscriber interface 45 
units notifying them of their assigned exclusive ranges of 
virtual channel numbers, the registration acknowledgment 
messages including the user parts of the ATM subscriber 
interface units' ATM addresses. 

13. A method as recited in claim 10 and further compris- ^ 
ing: 

sending registration acknowledgment messages from the 
ATM node switch to the respective ATM subscriber 
interface units notifying them of their assigned exclu- 
sive ranges of virtual channel numbers, the registration 55 
acknowledgment messages including the user parts of 
the ATM subscriber interface units' ATM addresses; 

wherein the step of sending the registration acknowledg- 
ment messages comprises formatting an individual 
registration acknowledgment message as a single ATM 60 
cell 

14. A method as recited in claim 10 an individual regis- 
tration request messages comprises a single ATM celL 

15. A method as recited in claim 10 and further compris- 
ing: 65 

sending registration acknowledgment messages from the 
ATM node switch to the respective ATM subscriber 
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interface units notifying them of their assigned exclu- 
sive ranges of virtual channel numbers; 
wherein the step of sending the registration acknowledg- 
ment messages comprises formatting an individual 
registration acknowledgment message as a plurality of 
ATM cells each containing the user part of the ATM 
subscriber interface unit which is to receive said indi- 
vidual registration acknowledgment message. 

16. A method as recited in claim 10 wherein an individual 
registration request message comprises a plurality of ATM 
cells each containing the user part of the ATM subscriber 
interface unit sending said individual registration request 
message. 

17. A method of transferring ATM data cells in an ATM 
network over virtual connections which are identified by 
virtual channel numbers contained within the ATM data 
cells, said ATM network having at least one ATM node 
switch, said ATM node switch having at least a single switch 
port for transferring particular ATM data cells between the 
ATM node switch and a plurality of ATM subscriber inter- 
face units, the method comprising: 

registering the plurality of ATM subscriber interface units 
with the single switch port wherein the registering step 
comprises utilizing the method of claim 10; 

transferring certain ATM data cells between a particular 
ATM subscriber interface unit and the ATM node 
switch through the single switch port, each of said 
certain data cells having a virtual channel number 
which is within the range of virtual channel numbers 
assigned to said particular ATM subscriber interface 
unit 

18. In an ATM interactive video entertainment network 
which transfers ATM data cells over virtual connections 
which are identified by virtual channel numbers contained 
within the ATM data cells, said ATM network having at least 
one ATM node switch, said ATM node switch having at least 
a single switch port for transferring particular ATM data 
cells between the ATM node switch and a plurality of ATM 
subscriber interface units, a method of registering such a 
plurality of ATM subscriber interface units with said single 
switch pout, the method comprising the following steps: 

connecting said plurality of ATM subscriber interface 
units for ATM data communications with the single 
switch port of the ATM node switch; 
sending registration request messages from the plurality 
of ATM subscriber interface units to the ATM node 
switch, the individual registration request messages 
including user parts of ATM addresses indicating which 
of the plurality of ATM subscriber interface units the 
individual registration request messages are from; 
assigning exclusive ranges of virtual channel numbers to 
respective ATM subscriber interface units to be used in 
the ATM data cells transferred between said respective 
ATM subscriber interface units and the ATM node 
switch; 

sending registration acknowledgment messages from the 
ATM node switch to the respective ATM subscriber 
interface units notifying them of their assigned exclu- 
sive ranges of virtual channel numbers, the registration 
acknowledgment messages including the user parts of 
the ATM subscriber interface units 1 ATM addresses; 
maintaining an address table in the ATM node switch 

corresponding to the switch port; 
creating entries in the address table corresponding to the 
switch port for the respective ATM subscriber interface 
units from which registration request messages have 
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been accepted, such an entry for an individual ATM 
subscriber interface unit containing at least the user part 
of said individual ATM subscriber interface unit's ATM 
address and an indication of an exclusive range of 
virtual channel numbers assigned to said individual 
ATM subscriber interface unit. 

19. A method of transferring ATM data cells in an ATM 
network over virtual connections which are identified by 
virtual channel numbers contained within the ATM data 
ceils, said ATM network having at least one ATM node 
switch, said ATM node switch having at least a single switch 
port for transferring particular ATM data cells between the 
ATM node switch and a plurality of ATM subscriber inter- 
face units, the method comprising: 

registering the plurality of ATM subscriber interface units 
with the single switch port wherein the registering step 
comprises utilizing the method of claim 10; 

transferring certain ATM data cells between a particular 
ATM subscriber interface unit and the ATM node 
switch through the single switch port, each data cell 
having a virtual channel number which is within a 
range of virtual channel numbers assigned to said 
particular ATM subscriber interface unit 

20. An ATM node switch for use in an ATM interactive 
video entertainment network which transfers ATM data cells 
over virtual connections identified by virtual channel num- 
bers contained within the ATM data cells, the ATM node 
switch comprising: 

at least a single switch port for transferring particular 
ATM data cells between the ATM node switch and a 
plurality of ATM subscriber interface units, the ATM 
node switch being configured to accept registration 
request messages from a plurality of ATM subscriber 
interface units; 

an address table corresponding to the switch port the 35 
address table having entries for the respective ATM 
subscriber interface units from which registration 
request messages have been accepted, such an entry for 
an individual ATM subscriber interface unit containing 
at least the user part of said individual ATM subscriber 40 
interface unit's ATM address and an indication of a 
range of virtual channel numbers assigned for exclusive 
use by said individual ATM subscriber interface unit in 
transferring data cells between the ATM node switch 
and said individual ATM subscriber interface unit 
through the single switch port 

21. An ATM node switch as recited in claim 20 wherein 
the registration request messages include user parts of ATM 
addresses indicating which of the plurality of ATM sub- 
scriber interface units the individual registration request 50 
messages are from. 

22. An ATM node switch as recited in claim 20 wherein 
the switch port is configured to send registration acknowl- 
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24. An ATM node switch as recited in claim 20 wherein: 
the switch port is configured to send registration acknowl- 
edgment messages to the ATM subscriber interface 
units notifying them of their ranges of virtual channel 
numbers; 

wherein an individual registration acknowledgment mes- 
sages comprises a plurality of ATM cells each contain- 
ing the user part of the ATM subscriber interface unit 
which is to receive said individual registration 
acknowledgment message. 

25. An ATM node switch as recited in claim 20 wherein 
the virtual channel numbers comprise ATM virtual path 
identifiers and virtual channel identifiers. 

26. An ATM node switch as recited in claim 20 wherein 
the single switch port is for downstream communications 
with the plurality of subscriber interface units, the node 
switch comprises another switch port for upstream commu- 
nications with the plurality of subscriber interface units the 
ATM node switch having an address table for each of the 
switch ports. 

27. An ATM node switch as recited in claim 20 and further 
comprising a plurality of ATM subscriber interface units 
connected for downstream ATM data communications 
through the single switch port. 

28. An ATM interactive video entertainment network 
which transfers ATM data cells over virtual connections 
identified by virtual channel numbers contained within the 
ATM data cells, the ATM network comprising: 

an ATM node switch having at least a single switch port; 

a plurality of ATM subscriber interface units in individual 
neighborhood homes connected for ATM data commu- 
nications through the single switch port; 

the ATM subscriber interface units being configured to 
send registration request messages to the ATM node 
switch, the registration request messages including user 
parts of ATM addresses indicating which of the plural- 
ity of ATM subscriber interface units sent the request 
messages; 

the ATM node switch having an address table correspond- 
ing to the switch port, the address table having entries 
for respective ATM subscriber interface units from 
which registration request messages have been 
received, such an entry for an individual ATM sub- 
scriber interface unit containing at least the user part of 
said individual ATM subscriber interface unit's ATM 
address and an indication of a range of virtual channel 
numbers assigned for exclusive use by said individual 
ATM subscriber interface unit in transferring data cells 
between the ATM node switch and said individual ATM 
subscriber interface unit through the single switch port 

29. An ATM interactive video entertainment network as 
recited in claim 28 wherein the switch port is configured to 
send registration acknowledgment messages to the ATM 
subscriber interface units notifying them of their ranges of 



edgment messages to the ATM subscriber interface units 

notifying them of their ranges of virtual channel numbers, 55 virtual channel numbers, the registration acknowledgment 

the registration acknowledgment messages including the messages including the user parts of the ATM subscriber 

user parts of the ATM subscriber interface units' ATM interface units* ATM addresses. 

addresses. 30. An ATM interactive video entertainment network as 

23. An ATM node switch as recited in claim 20 wherein: recited in claim 28 wherein an individual registration request 

the switch port is configured to send registration acknowl- 60 message comprises a single ATM cell. 



edgment messages to the ATM subscriber interface 
units notifying them of their ranges of virtual channel 
numbers, the registration acknowledgment messages 
including the user parts of the ATM subscriber interface 
units' ATM addresses; 
wherein an individual registration acknowledgment mes- 
sages comprises only a single ATM cell 



31. An ATM interactive video entertainment network as 
recited in claim 28 wherein an individual registration request 
message comprises a plurality of ATM cells each containing 
the user part of the ATM subscriber interface unit sending 

65 said individual registration request message. 

32. An ATM interactive video entertainment network as 
recited in claim 28 wherein the single switch port is for 
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downstream communications with the plurality of sub- 
scriber interface units, the node switch comprising another 
switch port for upstream communications with the plurality 
of subscriber interface units, the ATM node switch having an 
address table for each of the switch ports. 

33. An ATM interactive video entertainment network as 
recited in claim 28 wherein the virtual channel numbers 
comprise virtual path identifiers and virtual channel identi- 
fiers. 

34. An ATM interactive video entertainment network 
comprising: 

a plurality of ATM subscriber interface units in individual 

neighborhood homes; 
a neighborhood node; 

a coax distribution plant providing a plurality of commu- 
nication channels between the ATM subscriber inter- 
face units and the neighborhood node; 

a cable headend; 

an ATM node switch associated with the cable headend 
the ATM node switch having at least a single switch 
port; 

a trunk providing the plurality of communication channels 
between the ATM node switch and the neighborhood 
node; 

a data modulator between the switch port and the trunk to 
transmit modulated data on a selected channel from the 
ATM node switch to the neighborhood node and then 
through the coax distribution plant to individual ATM 
subscriber interface units, wherein a plural group of the 



ATM subscriber interface units are tuned to the selected 
channel to receive ATM cells from the cable headend; 
the ATM node switch being configured to assign exclusive 
ranges of virtual channel numbers to the individual 
5 ATM subscriber interface units of the plurality of ATM 
subscriber interface units to be used in ATM data cells 
transferred from the ATM node switch to the individual 
ATM subscriber interface units; 
l0 an individual ATM subscriber interface unit being con- 
figured to accept only those ATM data cells having 
virtual channel numbers within the range of virtual 
channel numbers assigned to the individual ATM sub- 
scriber interface unit 
15 35. An ATM interactive video entertainment network as 
recited in claim 34 wherein the subscriber interface units are 
configured to send registration request messages to the ATM 
node switch, the registration request messages including 
user parts of ATM addresses indicating which of the plural- 
20 ity of ATM subscriber interface units individual registration 
request messages are from. 

36. An ATM interactive video entertainment network as 
recited in claim 34 wherein the ATM node switch is con- 
figured to send registration acknowledgment messages to the 
25 ATM subscriber interface units notifying them of then- 
ranges of virtual channel numbers, the registration acknowl- 
edgment messages including the user parts of the ATM 
subscriber interface units' ATM addresses. 
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